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ABSTRACT

Asparaginase

Asparaginase is one of the most widely used industrial enzymes of therapeutic significance; in present

Fusarium oxysporum

study an attempt had been undertaken to synthesize asparaginase from an inexpensive and abundantly
available wheat straw agro-waste by solid-state fermentation of Fusarium oxysporum NCIM 1008. The

Optimization
Wheat straw
Solid-state fermentation

essential fermentation variables were optimized to enhance the microbial growth and enzyme activity.
The maximal asparaginase yield (21.54 U/gds) was reported with 60% (v/w) initial moisture content, pH
6.0, supplemented with 0.75% L-asparagine and incubated at 30 °C for 96 h. Present investigation
clearly indicated that under suitable conditions, asparaginase enzyme can be produced commercially by
using the agro-waste, wheat straw on large-scale in an economically feasible way.
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1 Introduction
Over the past few decades, cost-effective agro-waste materials are
being utilised in several bioprocess technologies for the
production of many value-added products of industrial
importance. Some of the most commonly used agro-waste are oil
cakes, fruit and vegetable peel, bagasse etc. (Pandey et al., 1999;
Ellaiah et al., 2002). Transforming these nutritional rich waste
materials into useful bio-products by fermentation process not
only minimises the process cost but also reduces the risk of
environmental threats (Pandey et al., 1999).
Wheat straw is one of the predominant agro-waste materials with
an immense potential due to its wide availability and low-cost. It
is an abundant by-product from harvesting of wheat crop in many
nations like India. Further, wheat straw has been successfully,
used as a raw material for pulp and paper production (Nasser et
al., 2015), as a substrate for renewable energy sources such as
biogas and bio-ethanol (Ferreira et al., 2014; Huang et al., 2017;
Tomás-Pejó et al., 2017), enzymes production (Gao et al., 2008;
Ahmed et al, 2018; Shahryari et al., 2018) and also in the
commercial cultivation of mushrooms. Even though wheat straw
is nutritionally rich, but high lignocelluloses and other nutritional
elements are preventing it as a primary feed source for ruminants.
L-asparaginase (L-asparagine amidohydrolase, EC 3.5.1.1) is a
vital enzyme, involved in the hydrolysis of L-asparagine. It has
gained eminent significance due to its potent therapeutic
applications especially in treating various forms of leukaemia
(Adamson & Fabro, 1968; Umesh et al., 2007; Anjana et at.,
2018). The activity of asparaginase is broadly present in plants,
animals, and micro organisms. Microbial production of this
enzyme has attracted more attention because of its cost-effective
and eco-friendly process. Normally, submerged fermentation
(SmF) process has been widely used for the production of
asparaginase (Basha et al., 2009; Amena et al., 2010;
Gurunathan & Sahadevan, 2012). Although, SmF process is a
very well established, but it has few drawbacks such as huge
volume of waste water generation and difficulties in effluent
treatment process (Datar, 1986). To overcome the above
disadvantages, solid-state fermentation (SSF) has come into
existence as an alternate economical process for the synthesis of
various metabolites by utilizing the agro-waste materials
(Pandey et al., 1999). SSF has been employed for production of
various microbial metabolites (Sircar et at., 1998; Sarada &
Sridhar, 1998; Corona et at., 2005; Sandhya et al., 2005; Rojan
et al., 2006). As per the documented literature, a wide range of
microbial genera such as filamentous fungi (Mishra, 2006;
Baskar & Renganathan, 2011), bacteria (Heinemann & Howard,
1969; Abdel-Fattah & Olama, 2002; Kumar et al., 2010; Seyedeh
et al., 2011), yeast (Kil et al., 1995; Ramakrishnan & Joseph,
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1996) and actinomycetes (Basha et al., 2009) have been reported
for the production of asparaginase.
The aim of this study was to synthesize asparaginase enzyme from
an inexpensive substrate, wheat straw and optimizing the process
parameters that enhance the enzyme productivity. Till today, there
is no published data are available related to the production of
asparaginase using wheat straw under solid-state fermentation by
Fusarium oxysporum NCIM 1008.
2 Materials and Methods
2.1 Materials
Wheat straw was obtained from the nearby agricultural fields of
National Capital Region (NCR) area, India. Before use it was
cleaned and dried in hot air oven at 60 C for 24 h, milled and
sieved to 1mm particle size. All the chemicals used in this
research work were of analytical grade and purchased from
Sigma-Aldrich, Bangalore, India.
2.2 Microorganism
The microbial strain, F. oxysporum NCIM 1008 was received
from National Centre for Industrial Microorganisms (NCIM),
Pune. Obtained culture was maintained on potato dextrose agar
(PDA) medium slants at 28 C for seven days. The slants were
stored at 4 C and were sub-cultured monthly. Under aseptic
conditions, F. oxysporum conidial suspension was prepared from
a freshly raised seven day old culture by suspending in 10 ml of
0.85% sterile saline solution. This suspension was used as
inoculum for subsequent fermentation experiments.
2.3 Solid-state fermentation of wheat straw
Wheat straw (5g) was dispensed into 250ml of cotton-plugged
erlenmeyer flasks, moistened with 5 ml of salt solution containing
glucose (0.6%), KH2PO4 (0.1%), MgSO4.7H2O (0.05%) and KCl
(0.05%) and autoclaved. Aseptically, the flasks were inoculated
with 2 ml of the fungal conidial suspension. The contents in the
flasks were mixed uniformly and incubated in a static incubator at
28 C for about one week (fermentation time) respectively.
2.4 Enzyme extraction and assay
Crude enzyme was extracted as reported by Ghosh et al. (2013).
L-asparaginase activity was determined by measuring the
amount of ammonia released by Nesslerization according to
the method (Wriston & Yellin, 1973). One unit (U) of L asparaginase is defined as the amount of enzyme required to
liberate one μmol of ammonia under optimal assay conditions,
and expressed as activity of asparaginase (U) obtained per
grams of dry substrate (U/gds).
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3 Results and discussion
The selection of a promising substrate in solid-state
fermentation is an essential factor because the production cost
of any bioprocess mainly depends upon the cost and
availability of the substrate utilized. In this study, wheat straw
has been selected as a potential substrate for the production of
asparaginase based on its chemical and nutritional
composition, cost and availability (Binod et al., 2010; Martin
et al., 2012). Further optimization was carried out using the
wheat straw as substrate to elevate the enzyme activity.
3.1 Effect of fermentation time
To estimate the fermentation time, SSF was performed with
various fermentation time schedules ranging from 12-168 h. For
this, wheat straw (5g), inoculated with 2 ml of fungal conidial
suspension with initial moisture content of 60 % (v/w) and
incubated at 28 C. Samples were removed for every 12 h and
enzyme activity was analysed. The enzyme productivity has
shown growth relatedness with the incubation time progressed
and maximum enzyme activity (7.04 U/gds) was observed after
96 h (Figure 1). Normally, microbial cell growth and enzyme
production were dependent on the duration of fermentation. After
96 h, the enzyme productivity started to decrease gradually. The
reason for this is that the microorganism might have reached a
stage, from which it could no longer balance its steady growth
with the available nutrient resources. The results obtained are in
accordance with the data published for the production of Lasparaginase using coconut oil cake (Ghosh et al., 2013).
3.2 Initial moisture content
In SSF, optimum level of initial moisture content is very
important parameter and directly affects the maximum
substrate utilization, microbial growth and enzyme
productivity. Various moisture contents varying from 40 -80%
(v/w) were taken for SSF. Maximum enzyme activity (9.72
U/gds) was noticed at 60% moisture content (Figure 2) after
96 h of fermentation. Decrease in enzyme activity was noticed
Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

3.3 Effect of initial pH of the substrate
In these experiments, the pH of the moistening solution used was
set from 4-10 using 1N HCl or NaOH. From the results (Figure 3),
maximum asparaginase productivity was noted with pH 6.0 (12.18
U/gds). In view of the data reported, agro-industrial materials
used in SSF possess excellent buffering capacity (Pandey &
Radhakrishnan, 1992). pH of the medium strongly affects the
growth and activity of the micro-organisms. Generally, fungal
strains are noted for their best performance in the range of 3.5-6
and low pH avoids contamination by other microbes. Further
increase in pH resulted in the reduction of enzyme activity which
might be due to the denaturation or inactivation of the microbial
strain at extreme acidic and basic pH values.
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Various crucial process parameters in solid -state fermentation
such as fermentation time, initial moisture content, initial pH,
incubation temperature and supplementation of nutritional
(both carbon and nitrogen) sources were optimised using
single-parameter optimization methodology. Samples were
drawn continuously at 12 h time interval and the enzyme assay
was carried out to calculate the enzyme activity. All the
experiments and assays were run in triplicate and the mean
values are noted for better results.

at low and high level of moisture content. With increasing
moisture content, there is a reduction in porosity and increases
the chances of contamination (Lonsane et al., 1985).
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Figure 1 Effect of fermentation time on asparaginase synthesis
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Figure 2 Effect of initial moisture content on asparaginase synthesis
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3.4 Effect of temperature
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Figure 3 Effect of Initial pH on asparaginase synthesis
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Figure 4 Effect of incubation temperature on asparaginase synthesis
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SSF was carried out at different incubation temperatures varying from
26 to 40 C. The initial moisture content was maintained at 60 %
(v/w), inoculated with 2 ml of the fungal suspension. After 96 h, the
samples were extracted and examined for enzyme activity. The fungal
strain has shown better growth and enzyme productivity at 30 C and
it was 15.94 U/gds (Figure 4). In biological processes, the temperature
is useful in determining the effects of protein denaturation, enzyme
inhibition, promotion or suppression of a particular metabolite, cell
viability and death. During SSF, there is a general rise in the
temperature of the fermenting mass due to respiration (Pandey &
Radhakrishnan, 1992)

Various available carbon sources (fructose, galactose, glucose,
maltose and soluble starch) and nitrogen sources (ammonium
sulphate, ammonium chloride, yeast extract, peptone, urea, malt
extract, beef extract and L-asparagine) were incorporated to the
production medium at 1%, but only L-asparagine has shown a
positive impact on enzyme activity and microbial growth to great
extent. Since addition of L-asparagine stimulated asparaginase
synthesis, attempts were made to estimate the optimum concentration
of L-asparagine for maximum enzyme synthesis by the fungal culture.
SSF was performed with different doses of L-asparagine varying from
0.25 to 3% (w/w). Enzyme productivity increased with L-asparagine
concentration in a relative manner. The maximum enzyme activity
(21.54 U/gds) was noticed with 0.75 % L-asparagine dose (Figure 5).
With further increase in L-asparagine concentration, there was a
gradual decrease in the enzyme yield which might be due to the
inhibitory effect of L-asparagine at higher doses on the microbial
growth and enzyme productivity.
After optimizing all the essential influential process parameters,
final SSF experiment was carried out by incorporating all the
standardized optimized parameters and samples were analysed for
enzyme productivity. The maximum enzyme yield of 21.54±0.04
U/gds was reported.
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Conclusion

15

Solid-state fermentation was favourably employed to optimize
process variables for maximal asparaginase productivity. Under
the observed conditions, asparaginase activity of 21.54 U/gds was
reported. The results of this investigation have demonstrated that
effective utilization of wheat straw might reduce the production
cost of therapeutically important asparaginase enzyme.
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Figure 5 Effect of L-asparagine concentration on asparaginase synthesis
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